Detailed models are presented for the triple-stranded poly-
increase in the number of parameters to be determined is a scarcity of quantifiable X-ray diffraction data, caused by limited ordering in the samples studied.
To overcome these problems we must increasingly use stereochemical information obtained from simpler systems. One wellestablished and powerful constraint of this sort is the avoidance, where possible, of over-short interatomic distances between non-bonded atoms. This paper describes the use of a computer program to use this sort of information to predict probable molecular structures with standard bond lengths and angles for six triple-stranded polynucleotides. All but one of these have provided sufficient X-ray data for earlier analyses, ' ' ' thus affording a basis for assessment of the present method. Since nucleic acid systems of current biological interest are more complicated than the duplex structures that have received most attention heretofore it may be that the new strategy we will describe could form the basis for accurate modelling of those complex systems.
METHOD AND PROCEDURE
The linked-atom least-squares procedure (LALS) n a s been described in detail earlier.
Briefly, it involves analytic minimisation of known length of the hydrogen bond, whilst the original standard value is still used for determining whether the contact exists.
These terms, therefore, tend to drive apart atoms which are too close and to make hydrogen bonds close to standard lengths.
Other terms in the first summation include recognition of the known relationship that the angle (y) between the helix axis and the normal to the plane of the bases in a polynucleotide bears to the projected height {K) of a residue on the helix axis. In each minimisation, consequently, 32 parameters were varied, upon which 27 constraints were applied of which 9 were linearly dependent on others, leaving 14 net degrees of freedom. The number of data used to determine these in this type of minimisation is not an obviously obtainable number, since one has to arbitrarily decide whether the lack of short contacts constitutes data, and if so, at what interatomic separation such data cease to be significant. The number of non-zero contributions to equation 1 was typically around 100 to 300, but it must be stressed that conventional considerations concerning the data-to-parameter ratio are not necessarily valid in this case, and a more appropriate value for 'number of data 1 , bearing in mind the desirability of a balanced distribution of 6., might be several times greater.
Six complexes, listed in Figure 1 ) . This, and the standard Ci-endo sugar ring conformation observed in all polynucleotides of the A genus, were assumed for the present study. Each of the six can be oriented sufficiently to show X-ray diffraction which yields the helix symmetry and the helix pitch, and hence the turn angle (t) and projected residue height (h). (Table 1 ) . Table I :
properties of the Figure 2: Atom and conformation angle nomenclature for a nucleotide residue. It should be noted that the above nomenclature we use differs from that in recent work, to correspond with that in the earlier studies considered in this paper. The conformation angles shown are defined as
RESULTS AND DISCUSSION
In Table II are shown the values obtained for the varied torsion angles, and the differences between these and those obtained in the earlier studies. Although there are in some cases moderately large differences, it must be realised that the earlier structures were derived from quite limited numbers of data, supplemented (in most cases) by only statistical information concerning probable chain conformation angles. Table III lists the hydrogen-bond lengths of the present models: none of these is exceptional. Table IV shows the remaining short contacts in the present models. These are the interatomic distances between pairs of atoms not bonded (or hydrogen-bonded) to each other or to a common third atom, more than 0.02nm less than the sum of the The left hand part of this table lists the final values of the conformation angles in the present study. The right hand part lists the differences between these values and the earlier studies cited in the text. It should be noted that the earlier studies used a variety of different methods and data and that comparisons must be made with this in mind. Clearly the 12-fold poly(U)-poly(A)-poly(U) model is much less satisfactory than the others. This structure has always proved awkward to modelbuild using standard assumptions, and it may well be that some distortion of the sugar rings from the standard C3-endo shape is present in this system.
Of the other models a common feature of all except the all- Although this too may be an artefact of the standard assumptions, it has been shown that this interaction contributes to the anomalous infra-red spectrum from the base oxygen atoms of triple-stranded complexes, and it may therefore be at least partly a real feature of these molecules.
Generally, however, these models are stereochemically acceptable (with the exception of 12-fold poly(U)-poly(A)• poly(U)): much more so than those refined against X-ray data, whilst differing not greatly from the latter. We therefore conclude that this method is a valid and useful one for constructing such models.
Atomic coordinates of all six models are given in Table V, and a view perpendicular to the helix axis of a typical structure is shown in Figure 3 .
We would further predict that models similar to those we have built for the pyrimidine:purine:pyrimidine systems would In conclusion, it seems to us that this method is a valid one for the postulation and evaluation of the structures of these interesting polynucleotides, a role played at present by Figure 4 : Looping out.
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no more direct method. The paucity of X-ray data arises in part from the computational difficulty of extracting structural information from 'continuous' diffraction, but more fundamentally from the inherent disorder present in synthetic and, to an even greater extent, biological polynucleotide materials. It is of some importance then that such methods as the present one be developed.
